Context. Previous studies of the Carina region have revealed its complexity and richness as well as a significant number of early-type stars. However, in many cases, these studies only concentrated on the central region (Trumpler 14/16) or were not homogeneous. This latter aspect, in particular, is crucial because very different ages and distances for key clusters have been claimed in recent years. Aims. The aim of this work is to study in detail an area of the Galactic plane in Carina, eastward η Carina. We analyze the properties of different stellar populations and focus on a sample of open clusters and their population of YSOs and highly reddened early stars. We also studied the stellar mass distribution in these clusters and the possible scenario of their formation. Finally, we outline the Galactic spiral structure in this direction. Methods. We obtained deep and homogeneous photometric data (U BV I KC ) for six young open clusters: NGC 3752, Trumpler 18, NGC 3590, Hogg 10, 11, and 12, located in Carina at l ∼ 291
Introduction
Young stellar clusters and associations are ideal tracers of the spiral structure of the Milky Way and, more in general, of the global thin-disk structure, defined by its radial and vertical scale length. Insights on the disk warp and flare can also be obtained by their spatial distribution. All these are crucial quantities that in turn allow us to compare the Milky Way to external spirals (Grosbøl & Dottori 2009) , with the ultimate aim of understanding which type of spiral our galaxy is and how it was assembled (Churchwell et al. 2009 and Wilman et al. 2013 ).
To unravel the three-dimensional structure of the disk, we need precise distance estimates, which rely on accurate photometry and spectroscopy and on a proper assessment of the interstellar absorption. This is a complicated property of the intervening interstellar medium and in our Galaxy is known to vary from direction to direction (Turner 2012) .
Young stellar clusters are also invaluable probes of the star formation process when a good handling of their ages is possible. Their spatial location together with their age distribution can help us assess whether star formation in a given Galactic region was coeval, sequential, or triggered (Baume et al. 2011) .
Finally, the mass distribution of stars within young stellar clusters is by definition very close to the initial mass function (IMF). Variations of the mass function slope from one region of the Galaxy to the other can highlight possible environmental ef-A&A proofs: manuscript no. Carina_l291 fects during the early evolution of a star cluster, such as mass loss induced by shocks or massive stellar winds, and stellar escapes caused by close encounters (Lamers et al. 2013) .
To properly address all these fundamental questions, we require the accumulation of high quality data for several objects in a given Galactic sector. A recent outstanding example is the delineation of the spiral structure in the Galactic anticenter in both the second and third Galactic quadrant (Monguió et al. 2015 and Vázquez et al. 2008) , together with the characterization of the young stellar populations of the Galactic warp and flare (Carraro et al. 2015) and the discussion of the disk radial extent (Carraro et al. 2010) .
One of the most massive star-forming regions in the Milky Way is the great Carina nebula (Preibisch et al. 2011 , Turner 2012 ) and the region surrounding it in the Galactic plane (∼ 283
• < l <∼ 292 • ). Its complexity and richness makes it an intriguing target to investigate the topics we have outlined above. This region is characterized by many young stellar clusters (Feinstein 1995) and a large number of early-type stars (∼ 60 O-type near the Carina nebula alone ; Smith 2006) . This has been interpreted as evidence that the line of sight to Carina crosses the Carina-Sagittarius Galactic spiral arm (Bok et al. 1970 , Clariá 1976 , Humphreys 1976 , Georgelin et al. 2000 , Kaltcheva & Golev 2012 , Carraro & Costa 2009 , Piatti et al. 2010 .
In spite of the many studies, the precise location and nature of the Carina-Sagittarius arm is far from being settled. Very different distances for the same clusters (see, e.g., Carraro et al. 2004; Carraro et al. 2013) have been reported by different groups. In addition, there is a lack of consensus whether the Carina-Sagittarius arm is a primary or a secondary spiral arm. Optical studies favor the idea that it is a grand design arm (Russeil 2003) , while radio studies support the idea it is a secondary structure (Churchwell et al. 2009 ).
The star formation in Carina has been investigated in detail near the Carina nebulae (Preibisch et al. 2011) , and evidence has been brought forth of an age gradient (Carraro et al. 2004) , which would support a sequential mode of star formation. Extending the coverage of the region outside the classical central zone would be the next step to better characterize this fascinating Galactic sector. With this goal in mind, we carried out deep photometric observations covering the so far unexplored Galactic plane near l = 291
• . Our survey includes three large young open clusters (NGC 3572, Trumpler 18, and NGC 3590) , three minor ones (Hogg 10, 11, and 12) , and a large part of their surrounding fields (see Fig. 1 ). We complemented this data set with spectroscopic observations of a handful of peculiar objects in the area and spectroscopic stellar classifications available in the literature.
The layout of the paper is as follows: in Sect. 2 we describe our data set and the basic reduction procedures; in Sect. 3 we present the method used to analyze the data, in Sect. 4 we derive the main properties of the clusters, and in Sect. 5.1 we discuss the different stellar populations found and their connection with the Galactic structure. Finally, we summarize our results in Sect. 6. American Observatory (CTIO, Chile) 1.0 m telescope, which was operated by the SMARTS 1 consortium. This camera is equipped with an STA 4064 × 4064 CCD with 15µ pixels, which provides a field of view (FOV) of 20 ′ .0 × 20 ′ .0 and a scale of 0 ′′ . 289/pix. Other detector characteristics can be found at the Y4Cam web-page 2 . This configuration allowed us to cover the targeted clusters entirely and at the same time to sample a significant portion of the Galactic field around each of them (see Fig. 1 ).
Data
In our 2006 run we covered the regions of NGC 3590/Hogg 12 (Frame 1), Hogg 10 and 11 (Frame 2), and NGC 3572 (Frame 3), and in 2009 that of Trumpler 18 (Frame 4). All observations were carried out in photometric conditions. A detailed description of the observations is given in Table 1 .
Reduction and calibration
Science frames were pre-processed in a standard way following the guidelines given in Baume et al. (2011) and using the iraf 3 package ccdred. For this purpose zero exposures and sky dome flats were taken every night. The photometry was performed with the iraf daophot and photcal packages. Instrumental magnitudes were derived using the point spread function (PSF) method (Stetson 1987) , using a quadratic spatially variable PSF. About 20-30 homogeneously distribute bright stars in each image were selected to construct the PSF models and to estimate the corresponding aperture corrections. Finally, the data from different frames were combined for each filter using the code daomaster (Stetson 1992) .
To determine the transformation equations between our instrumental system to the standard U BVI KC system as well as the nightly extinction correction, we observed standard stars every night (∼ 30 per night) from the catalog of Landolt (1992) (fields PG 1323-086, SA 101, SA 104 and SA 107) , with an air-mass range between 1.1 and 2.1. These standard star fields allowed for a wide variety of colors of the standards. Aperture photometry was carried out for all the standard stars using the iraf photcal package. To tie our photometry to the standard system, the following transformation equations were used:
where U BVI KC and ubvi are the standard and instrumental magnitudes, respectively, and X is the airmass of the observation. Table 2 summarizes the transformation and extinction coefficients obtained for each night. Finally, the data from the four nights were combined, again using daomaster.
To estimate the photometric completeness of our data, we carried out several artificial-star experiments on our long exposure frames (see Carraro et al. 2005) . For this process, we added artificial stars (preserving the same color and luminosity distri-A&A proofs: manuscript no. Carina_l291 butions as that of our real populations) in random positions to our images by means of the iraf task addstar, and repeated the reduction procedure described above. To keep crowding of the artificial frames at a level similar to that of our true images, the amount of artificial stars added was only 10% of the real stellar population in each frame.
Completeness factors (CF) for different V magnitude bins were computed for each experiment. They are defined as the ratio between the number of artificial stars recovered and the number of stars added. In Table 3 we present the results of our experiments. The CF shown are average values for each night. N is the number of real stars that were detected in each magnitude bin.
Spectroscopic data

Observations
We performed follow-up spectroscopic observations of the brightest ten objects of a sample of stars that we name Population C (see Sect. 5.1), based on the photometric analysis (see Sect. 3). We employed the GMOS 4 spectrograph in its long-slit mode attached to the 8 m telescope of Gemini South (Chile), using "poor-weather" time 5 . We employed a slit of 1 ′′ . 0 width at a central wavelength of 5200 Å and 5300 Å to avoid the gap between CCDs, and the grating B600. We obtained spectra with a typical resolution R ∼ 1000. Suitable exposure times were estimated by means of the Integration Time Calculator (ITC) provided by the Gemini consortium, considering several combinations of poor-weather conditions. We finally decided to take two 900 s exposures for each star.
Reductions and spectral classification
Spectra were processed in a standard way 6 , using the gemini package at iraf. Because of changing weather conditions, the signal-to-noise ratio (S /N) of our spectra varies significantly, but all of them are suitable to identify early-type stars (see Sect. 2.2.2).
Stellar spectral classification is quite a standard and solid process, which relies on the identification of spectral features (emission or absorption lines) in an observed spectrum, and the comparison of it with well-established class (spectral and luminosity) prototypes (see, e.g., Jashek & Jashek 1990). Therefore, the spectral classification of our targets was made by visual comparison with standard spectra of OB stars, which in our case were taken from the suite of spectral types reported by Sota et al. (2011) .
The analysis was carried out using the code mgb by Maíz Apellániz et al. 2015 . This code allows simultaneously displaying the standard spectrum and the one that is to be classified. Classification is then performed by adopting the spectral type and luminosity class of the standard template that better reproduces the features of the observed spectrum.
Naturally, the process involves some degree of visual inspection and some subjectivity when features cannot be clearly distinguished. This occurs often if the spectrum S /N is poor. When the identification of characteristic spectral features was not obvious, we determined the spectral types by adopting different tai-lored criteria. In Fig. 2 we present the spectra of the ten program stars (two O-type and eight B-type stars), while in the following we provide details on their individual classification.
-2MASS J11105681-6026061 (#1035): this source has a low S /N (< 30) spectrum. We were able to identify many He i absorption lines, however, such as λ4388, λ4471, λ4921, and λ5875, and, marginally, He ii λ4541. We were unable to detect Mg ii λ4481. We therefore classified this star as B0-B1. Based on the broadening of the Balmer lines and because no metallic lines were clearly detected, we assigned a luminosity class V. -2MASS J11105684-6042220 (#519): the spectrum shows Hα and Hβ in emission, and Hǫ in absorption. Hγ and Hδ are too marginal to be of use. We also identified emission lines of He i and Fe ii. No conspicuous absorption lines could be identified to determine the spectral type, therefore we classified this star as Be. -2MASS J11114323-6049562 (#767): we clearly identified
He ii in its spectrum. Comparison with standard spectra indicates an O7 V spectral type. -2MASS J11115528-6046383 (#920): another source with a low S /N (<30) spectrum. Most lines are quite noisy. We were able to identify some He i absorption lines, however, such as λ4471, λ4921, λ5015, and λ5875, and also He ii λ4686. We classified this star as B0-B1 V. -2MASS J11120688-6046322 (#810): a very noisy spectrum.
We were able to identify absorption lines of He ii λ4542, λ4686, and λ5411, and other He i lines. We therefore assigned an O9-B0 V spectral type. -2MASS J11121474-6046347 (#1204): comparison with standard stellar spectra indicates a B2 spectral type. Considering the broadening of the Balmer lines, the luminosity class may be IV or III. -2MASS J11123009-6039030 (#508): comparison with standard stellar spectra indicates a B2 Ib spectral type. -2MASS J11125335-6050452 (#900): comparison with standard stellar spectra indicates a O7 V spectral type. -2MASS J11132236-6040067 (#1185): the spectrum shows double lines of He i, and a similar feature can be noted in the Balmer lines. The relative intensities are quite similar, suggesting that the observed spectrum is the superposition of those of two B1-B2 stars, probably forming a binary system. We adopted this classification because Mg ii was detected, ruling out spectral types later than B3 (where this line was as intense as other He i lines visible in our spectrum). -2MASS J11134037-6043134 (#978): this was one of the poorest spectra obtained, with a S /N lower than 20 in the spectral range used for classification. We were able to identify He i λ5875 in absorption and weak Balmer lines, however. Considering that the former line becomes intense at approximately B2, we classified this star as B1-B3.
Complementary data
We have compared our U BVI KC photometry with previous photometric measurements available for our areas of interest, compiled from the WEBDA 7 database and the APASS 8 catalog. In this latter case we transformed the gri data to the VI C system using the transformations given by Jester et al. (2005) . The mean differences obtained for the two data sets are shown in Table 4 . The above bibliographic sources were also used to obtain photometric data (which were shifted to our photometric system) for a few bright stars that are saturated in our images. This helped in the analysis of our photometric diagrams (see Sect. 3.2.2).
The Two-Micron All Sky Survey catalog (2MASS; Cutri et al. 2003 , Skrutskie et al. 2006 ) was used to carry out an astrometric calibration using the procedure indicated in Baume et al. (2009) , which led to a positional precision of ∼ 0 ′′ . 17 in both coordinates.
Finally, using the S I MBAD database and results reported by Kharchenko & Roeser (2009) , we collected existing spectral classification information in the covered region.
Final catalog
We used the STILTS 9 tool to manipulate tables and crosscorrelate our U BVI KC data with the 2MASS photometry and with the spectral classification available in the literature or performed by us. The correlation procedure between optical data and 2MASS data was made using 1 ′′ . 0 as matching radius. This method only matches the nearest sources and does not attempt to deblend sources in cases of high crowding.
We produced then a catalog with astrometric and photometric (U BVI KC +JHK) information for about 63000 objects in the region around l ∼ 291
• shown in Fig. 1 , together with the spectroscopic classification for several stars included in Table 5 . The full catalog is made available in electronic form at the Centre de Donnais Stellaire (CDS) website.
Method
We analyzed the data set using a numerical code developed in fortran and gnuplot. This code allowed us to homogeneously and systematically study the data. Therefore, we were able to reduce potential bias of the adopted parameters for the clusters and stellar populations.
Spectrophotometric study
Our spectroscopic observations, together with spectroscopic data available in the literature, allowed us to estimate the main parameters (distances and color excesses) of the 41 stars in the region of interest. To derive these parameters, we applied the traditional spectrophotometric method and used the absolute magnitude M V and intrinsic color calibrations provided by Sung et al. (2013) and Cousins (1978) . Linear interpolations were applied for targets whose spectral type was not included in these latter works. Depending on the stellar group, values of R V = A V /E B−V = 3.1 or 3.5 were assumed (see Sects. 3.2.2 and 5.1).
For bona-fide binary systems with a double spectral classification (stars HD 97166 and #1185), the individual magnitudes were first derived and then the previous procedure was applied to each individual member. For stars with luminosity classes (LC) IV and II, we adopted intrinsic colors from LC V and III, respectively. For stars with spectral types earlier than B0.5V, we Note: Photoelectric measurements adopted as references: Vázquez & Feinstein (1990) .
adopted (V −I) • = −0.47. The resulting parameters are presented in Table 5 .
Cluster parameters 3.2.1. Centers and sizes of the clusters
The geometrical structure of a star cluster (namely its center and radius) is an important indicator of its dynamical state. This is obvious for globular clusters, where the radial distribution of stars typically follows the well-known King profile (King 1966) . For an open cluster, the definition of both cluster center and radius is less obvious. The reason is that open clusters have irregular shapes in many cases, the number of stars is orders of magnitude smaller than in globulars, and the contamination of stars from the general Galactic field is significantly higher. Therefore the derivation of these quantities (namely where the center is, and where the cluster ends) inevitably includes some degree of subjectivity. It is, on the other hand, important to derive an estimate of the cluster center and radius, since this information, together with the analysis of cluster photometric diagrams, allows us to derive fundamental parameters in a more reliable way. The reason is that stars within the cluster estimated radius define cleaner sequences in the photometric diagrams because the percentage of cluster members is higher. We stress that this is a crucial point. Detecting all cluster members would be a cumbersome task that would require acquiring kinematic multi-epoch information in addition to photometric data. This is beyond the scope of this work, which aims at deriving estimates of clusters fundamental parameters. A widespread practice in the literature is to consider as the cluster border the distance from the adopted center where the cluster merges with the field, or, in other words, the radius at which the density of the cluster reaches the density of the field. We adopt this approach in the following.
To derive the cluster center, we adopted the following method. We started by using the center as provided by the catalog of Dias et al. (2002) and constructed a radial density profile (RDP) using a set of rings around this center. The ring size was chosen to be 10% of the radius reported by Dias et al. (2002) . We initially adopted the radius of Dias et al. (2002) and then randomly changed these values in search for the coordinate pairs that produced the clearest central (inside the first circle) density peak. In this procedure, we explored a range of 30 ′′ in both radial ascension and declination.
The cluster radius was then inferred using again the radial density profile and determining the point where the profile intersects the mean field level, as computed in a region away from the cluster. In some cases the density profile moves up and down the mean field level, causing more than one intersection. In these cases, we optimized the definition of the radius by looking at the resulting photometric diagrams, and then chose as radius the intersection of the profile with the mean field that produced the cleanest sequences in the photometric diagrams. The obtained RDPs are shown in Fig. 3 , where the field level is indicated with horizontal lines, while the adopted cluster radius is shown as vertical lines. The finally adopted cluster centers and radii values are reported in Table 6 .
Upper main-sequences of the clusters
To obtain distances and reddening estimates for each cluster from their photometric data, we constructed their two-color diagrams (TCDs) and color-magnitude diagrams (CMDs), which are shown in Figs. 4-6 . In the initial analysis we only took the brightest stars into account to avoid field contamination because it becomes more severe at fainter magnitudes.
To estimate the parameters for each cluster, we first shifted the zero-age main sequence (ZAMS; Sung et al. 2013 ) on the U − B vs. B − V diagrams according to the reddening law E U−B /E B−V = 0.72+0.05·E B−V until it was fit as an envelope for the bluest stellar distribution. After determining the E B−V values of the clusters in this way, we then fit a reddened ZAMS or main sequence (MS) to their CMDs to obtain their distance modulus (V • − M V ), for which we adopted R V = 3.1. We note that to detect possible deviations from the normal reddening law we used the cluster's B − V vs. V − I diagrams. These CMDs suggested a normal behavior (R V = 3.1) for all cluster populations, except for the most reddened and distant stars (see Sect. 5.1).
Using the upper MS (V > 15) of the photometric diagrams, we adopted as cluster members those stars located between two envelope lines drawn around each ZAMS. These two envelopes were defined by shifting the ZAMSs by (or equivalent values): ∆V = 1 above, and ∆(B − V) = 0.20 − 0.23 to the right (envelope 1); and ∆V = 0.1 down, and ∆(B − V) = 0.10 − 0.12 to the right (envelope 2).
To estimate the age of the clusters, we also compared the observed upper MS of each cluster with theoretical isochrones (see Fig. 4 ). To this end, we used the set of isochrones given by Marigo et al. (2008) for solar metallicity, which consider mass loss and overshooting. Some scatter is present in our data, probably due to the presence of binaries, fast rotators, and/or differential reddening. This prevented a unique age solution, but it was still possible to obtain an estimate of those identified as nuclear age values. Table 5 . Main parameters for stars with available spectral classification (S C). 
Lower main-sequences of the clusters
The study of the lower MS in young open clusters allows searching for stellar formation signatures and/or candidates for young stellar objects (YSOs). This search involves the identification of sources with IR excess, which can be explained by emission from circumstellar dust. We assumed that these objects would be located in the lower part of the cluster's MS. These sources are expected to be low-and moderate-mass stars that were born from smaller gas lumps, which delayed their collapse to the ZAMS compared to the most massive and brightest objects.
To estimate the amount of stars in the lower MSs of the clusters, a statistical field decontamination of their CMDs was carried out. For this purpose, we constructed CMDs for appropriate comparison fields and looked for stars located in similar places on the cluster and field V vs. (B − V) and V vs. (V − I) diagrams, which were subtracted from the cluster CMDs (see Gallart et al. 2003) . The resulting decontaminated cluster CMDs are presented in the lower panels of Fig. 6 . A set of pre-main sequense (PMS) isochrones is included for comparison (Siess et al. 2000) , which allowed us to estimate the indicated as the contracting age of the clusters.
Using available near-IR data (JHK, see Sect. 2.3), we constructed the (J − H) vs. (H − K) diagrams shown in the upper panels of Fig. 6 . They provide a good tool to distinguish between interstellar reddening and intrinsic color excess produced by circumstellar dust. To select probable YSOs on each cluster region, we used the relation for classical T Tauri stars (CTTS) given by Meyer et al. (1997) 
Individual cluster properties
The six clusters included in the studied region present several early-type stars (see Sect. 1). All these clusters are affected by relevant differential reddening that is characteristic of stellar formation regions. In this section we detail some of their particularities and summarize their adopted parameters in Table 6 .
NGC 3572 = C1108-599
Previous studies recognized NGC 3572 as a young open cluster with a radius of about 5 ′ .0 (Dias et al. 2002) . It is considered to be the probable nucleus of a scattered group of OB stars located in its vicinity, identified as Collinder 240 (Clariá 1976) . (Sung et al. 2013) , both in their normal location and shifted along the reddening path (red arrow) in agreement with the adopted color excesses (see Table 6 ). In the middle panels (d,e,f) the gray lines represent solar metallicity isochrones, which include mass loss and overshooting (Marigo et al. 2008) , for three different ages and are plotted in years. In the lower panels (g,h,i), the solid lines are ZAMSs for each cluster, corrected for distance and reddening.
Our data show that this cluster has a typical RDP with a high central concentration (see Fig. 3a ). The radius we derived is consistent with previous estimates and defines a region that probably includes most cluster members. Near the center of the cluster lies a planetary nebula (PN G290.7+00.2; Kerber et al. 2003) that has not been studied in detail so far.
The brightest star in the cluster region (HD 97166) is the only object for which a spectral classification is available. It was recently identified as an O7.5IV + O9III binary system (Sota et al. 2014) . This allowed us to obtain its spectrophotometric parameters, yielding a distance modulus of V • − M V = 12.5 and a color excess of E B−V = 0.27 (see Table 5 ).
The photometric diagrams for stars located in the cluster region (see Fig. 4adg ) show that NGC 3572 has a well-defined and (Koornneef 1983) , arrows indicate the reddening paths, and lines indicate the limits adopted for the selection of YSO candidates (yellow open circles -see Sect. 3.2.3). In the lower panels (d,e,f), we present decontaminated CMDs for each of the clusters (see Sect. 3.2.3). Gray lines are PMS isochrones (Siess et al. 2000) for four different ages in years.
A&A proofs: manuscript no. Carina_l291 well-populated upper MS (green symbols), with a clear dispersion in color. These features allowed us to independently obtain (see Sect. 3.2.2) the cluster distance, color excess, and age. The values derived in this way are consistent with those estimated spectrophotometrically.
Our statistical analysis of the lower MS (see Sect. 3.2.3) shows a clear overdensity in the decontaminated CMDs (see Fig. 6d ), located roughly 2 magnitudes above the ZAMS. Additionally, our IR study revealed a significant amount of YSO candidates that appear in a consistent place in the CMDs (yellow open symbols). This evidence suggests that NGC 3572 has a large PMS population. Based on the location of this population in the V vs. V − I diagram, we derived an estimate of the cluster contraction age, which is similar to its nuclear age, suggesting a coeval stellar formation process.
Trumpler 18 = C1109-604
Our RDP (see Fig. 3b ) gives a radius of 5 ′ .0 for this cluster, in agreement with previous studies (Dias et al. 2002) , and indicates that it is a scattered low-density object. Its basic parameters reveal that compared to NGC 3572, it is closer, has a lower reddening, and is more evolved.
The brightest cluster star (HD 97434) is classified as O7.5III(n)((f)). It has recently been recognized as a binary system (Barbá et al. 2010; Sota et al. 2014 ), but individual spectra are not available. Only one MS star of this cluster has a spectral classification (B7 V), from which we have obtained a distance modulus of V • − M V = 11.0 and a color excess of E B−V = 0.31 (see Table 5 ).
Trumpler 18 also shows a probable PMS population whose contraction age is very similar to the nuclear age. This fact points to a probable scenario of coeval stellar formation; however, only a few objects were identified as YSO candidates by our IR analysis (see Fig. 6 ).
NGC 3590 = C1110-605
Previous studies recognized NGC 3590 as a typical young open cluster with a radius of about 3 ′ .0 (Dias et al. 2002) . Our RDP (see Fig. 3c ) indicates that it has a high stellar density core and an apparently extended halo. For this reason, we adopted a slightly larger radius (4 ′ .0) for the cluster region, in an effort to include almost all its possible members.
The cluster region contains many B-type stars (14) (see Table 5), which allowed us to compute a mean spectrophotometric distance modulus of V • − M V = 12.1 ± 0.4, and E B−V values between 0.45 and 0.57.
As for NGC 3572, the photometric diagrams for NGC 3590 (see Fig. 4cfi) show that it has a well-populated upper MS (green symbols) with a clear dispersion. Hence we estimated its main parameters (distance, reddening, and age) in the usual way (see Sect. 3.2.2), obtaining values similar to those obtained spectrophotometrically. Its basic parameters reveal that NGC 3590 lies at a similar distance than NGC 3572, but shows higher reddening. It is also a more evolved object than NGC 3572. This might suggest a large-scale triggered cluster formation situation for both objects.
We also identified a probable PMS population and YSOs candidates in the lower MS of this cluster (see Fig. 6 ) and estimated the corresponding contraction age. In this case, however, we found a more significant difference with the nuclear age. This might be interpreted as an indication that non-coeval stellar for- 
Hogg 10, 11, and 12
These three clusters have similar angular sizes of about 1 ′ .5 − 2 ′ .0. Although they contain a small number of bright stars, they exhibit typical open cluster RDPs (see Fig. 3def ).
Hogg 10 has several stars with spectral classification, from which we obtained a mean spectrophotometric distance modulus of V • − M V = 12.8 ± 0.4, and E B−V values in the between 0.42 and 0.51 (see Table 5 ). Hogg 11 has only one star with a spectral classification that is identified as a giant. There is none for Hogg 12. It was therefore more difficult to obtain their basic parameters using only their photometric diagrams (see Fig. 5 ). We nonetheless provide the estimated values in Table 6 .
We found that these three clusters have similar distances that are also similar to those derived for NGC 3572 and NGC 3590. This seems to agree with a scenario where all these objects belong to a common stellar population (see also Sect. 5.1). Hogg 12 in particular is very close to NGC 3590, and they may be a binary system (as suggested by Piatti et al. 2010 ).
Stellar masses and clusters mass function
We estimated stellar masses and their distribution for the three most prominent clusters: NGC 3572, Trumpler 18, and NGC 3590. Stellar masses were computed by interpolating the best-fit isochrones for each cluster, and the corresponding histograms are presented in Fig. 10 . Then, using only the bins corresponding to the high-mass range (M > 3M ⊙ ), where the IMF can be modeled as a power law, we performed linear fits to the data and expressed them in the form:
The computed slope values (Γ) for each studied cluster is also indicated in Fig. 10 and Table 6 .
To estimate the errors in the previous procedure, we repeated it for different distance values (V 0 −M V ±0.2) for each cluster. We then obtained a δM/M < 20% and changes in the corresponding slopes lower than the indicated fitted errors.
In Table 7 we also report a list of IMF slopes for several star clusters in Carina, culled from the literature, and all on the same scale as the slopes derived in this work, namely on the scale where the Salpeter slope is -1.35. Our derived slope values and reading through the slope values in Table 7 shows that regardless of the data quality and the method employed to build the mass distribution, the IMF slopes in this region are very uniform and close to the canonical Salpeter value. The only exception is NGC 3603, a massive starburst cluster, which shows a flatter mass distribution. This favors the idea of an universal mass distribution, similar to the Salpeter one.
Discussion
Stellar populations
We carried out a global analysis including all photometric and spectroscopic data available for the region. From the spectrophotometric analysis described in Sect. 3.1, we obtained the relations E U−B vs. E B−V , and E V−I vs. E B−V , shown in Fig. 7 . A fit to the data in the E U−B vs. E B−V seems to indicate that the normal reddening ratio is valid for all the stars, but the E V−I vs. E B−V diagram shows that the normal law is valid only for the less reddened stars. Because the most reddened stars clearly follow an abnormal law, we applied two different methods to them to estimate the selective absorption coefficient (R V = A V /E B−V ): the excess ratio method and the color difference method (see Vázquez et al. 1994 for details). In the first method, we simply performed a linear fit, obtaining a slope of 1.41±0.02 compatible with R V = 3.5 ± 0.05 (see Fig. 7 ). To apply the second method, we used the multiband information available for each star (see Fig. 8 ). This information includes our U BVI KC + JHK catalog together with the Wide-field Infrared Survey Explorer (WIS E 10 ; Wright et al. 2010 ) data (W 1 , W 2 , W 3 , W 4 bands). We obtained R V = 3.4 ± 0.1.
In Fig. 9 we present the photometric diagrams for all the objects in our catalog. Based on the color excess ratios derived for the individual clusters in Sect. 4, these diagrams allowed us to separate part of the objects in three young stellar populations: A, B and C, respectively depicted in blue, green, and red. The stellar distributions in the CMD and TCDs suggest that the differences among the groups might be interpreted in terms of distance and different color excess ranges. Hence, using the procedure de-A&A proofs: manuscript no. Carina_l291 indicate the values that were used to compute the power-law fits (see Table 6 ). Error bars are Poisson uncertainties.
scribed in Sect. 3.2.2, it was possible to obtain approximate basic parameters for each population, which are given in Table 8 .
Regarding the spatial distribution of these populations (see Fig. 11 ), the nearest one (A) is concentrated around Trumpler 18 at a distance of 1.4-2.3 kpc, the second nearest (B) is spread al- 9 , black empty circles). Based on spectroscopic analysis (see Sect. 2.2.2), we found that these selected targets are OB-stars and are scattered between 6.6 and 11 kpc. This spatial distribution, together with the parameters found for these three populations, suggest that Trumpler 18 is a concentration of Population A objects, and that all other clusters belong to the Population B. Consistently with its high reddening, Population C lies far behind the other two. We note that the three groups of young stars found in this work present a scenario similar to that revealed from other studies on closer Galactic directions (see, e.g., Carraro & Costa 2009 , Baume et al. 2014 or Mohr-Smith et al. 2015 . The IR photometric diagrams for all stars in the region studied shown in Fig. 12 reveal several objects with an apparent IR excess (see Sect. 3.2.3) . From their spatial distribution we could infer that they seem to be concentrated in two groups, one toward the north and other toward the south, apparently associated with the main open clusters in the region. We therefore interpret these objects as the result of a mass segregation effect in the fainter stellar population of each cluster. This effect could have been caused by a dynamic process. However, the youth of most of the studied clusters may mean that it might reveal a primordial spatial mass distribution, as previously discussed.
The group of clusters we studied is located SE from the core of the Carina nebula (e.g., Trumpler 16), and at a higher Galactic longitude and lower Galactic latitude, namely closer to the formal Galactic plane (see Fig. 1 ). NGC 3572 is the closest to Trumpler 16, while NGC 3590 is the most distant. Between NGC 3572 to NGC 3590 there seems to be an age gradient, with the youngest objects being located toward the Carina core. This age gradient is also seen from the distribution of the gas and nebulosity, which is dominant in the northwest region. We tend to exclude, however, any possible relation in terms of star formation with the great Carina nebula, since the distance is too large, ∼ 3
• . Another interesting piece of information is that the NW younger population is generally closer to us than the SE older population. It would be extremely interesting to extend the present study to the region 287 o ≤ l ≤ 290 o to verify whether this trend continues.
Spiral structure toward Carina
In Fig. 13 we show the spatial distribution of the various stellar groups we identified and characterized in this study. This is the distribution projected in the plane of the Milky Way as seen from the North Galactic Cap. For better visualisation, the whole fourth quadrant (270 o ≤ l ≤ 360 o ) is shown. We complement the result of the present study with data from previous papers (see, e.g., Baume et al. 2014) , such as young open clusters and HII regions, to provide a more comprehensive picture of the fourth quadrant. The figure also includes the four-arm Galactic model from Valleé Vallée (2008) . We recall that this model is the result of a statistical interpolation of many different tracers (CO clouds, HII regions, young star clusters, HI, and masers) and is by no means intended to provide a solid and complete description of the Milky Way spiral structure. In this sense, the accumulation of more data with more reliable distance estimates is extremely valuable to improve the model predictions. This is evident from Fig. 13 , where data are in general much more scattered than the precise logarithmic line representing the arm. This holds even taking the typical width of a spiral arm into account, which in the inner disk is around 1 kpc (Bronfman et al. 2000) . The direction to the Galactic center is particularly indicative in this respect, and previous studies have emphasized that the distribution of the young stellar population does not seem to be discrete toward the bulge, but continuous, and Fig. 13 confirms this scenario.
The situation toward the Carina-Sagittarius arm seems to be less complex. We confirm previous findings that young groups are present in the direction at discrete distances (Carraro & Costa 2009 , Turner 2012 ). Inspecting Fig. 13 closely, we can suggest the following: -Trumpler 18 is offset with respect to the expected location of the Carina-Sagittarius arm. This can be explained by the age difference to the other studied groups (Trumper 18 is older). The cluster might have had the time to drift away from its birthplace, close to the arm. -The B group is consistent with Valleé predictions taking the arm width into account. -Stars belonging to the C group are quite scattered in distance and do not always follow the arm. They depart from the arm at larger distances. This might indicate that the CarinaSagittarius arm in this region has a larger pitch angle than suggested by Valleé.
Conclusions
We have presented a deep and homogeneous optical (U BVI KC ) photometric catalog of a wide region of the Galactic plane at l = 291
• , which was cross-correlated with near-IR data from 2MAS S . We also presented a spectral classification for several conspicuous stars in the area. Our spectroscopy, together with published spectroscopic classifications of other objects of interest in the field, allowed for a reliable analysis of the stellar energy distribution, helping prevent possible degeneration in the photometric diagrams.
We estimated the main parameters (distance, size, reddening, age, and mass distribution) of the six open clusters in the region. We applied our numerical code that allowed verifying the obtained results jointly and not just individually. Our estimated values for the radii, although they should be considered as upper limits, are equal to or smaller than those provided by Dias et al. (2002) in five of the six star clusters. We found that the main clusters (NGC 3572, Tr 18, and NGC 3590) present signatures of a probable coeval PMS population and identified YSOs candidates that need to be confirmed with follow-up spectroscopy. Additionally, we detected three young stellar populations for which we derived approximate basic parameters. The nearest is concentrated around Trumpler 18. The second nearest is spread almost uniformly throughout the entire cluster region (represented by the other five open clusters). And finally, the farthest population is abnormally reddened and young, confirmed by our spectroscopic data, from which we identified two O7-type stars, eight B-type stars, and one Be star.
Finally, we interpreted the spatial distribution of the young population in terms of the spiral structure of the Milky Way and identified a promising relation between age, distance, and position along the arm of the various clusters, which deserves further investigation by extending this type of study to regions closer to the core of the great Carina nebula.
